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(57) ABSTRACT

An ashing apparatus includes a light irradiating unit config-
ured to irradiate, to a substrate having an organic film
formed on a surface thereot, processing light for ashing the
organic film; a posture changing umt configured to change
a posture of the substrate with respect to the light 1rradiating
unmit; and a control unit. The control unit performs: a first
processing of controlling the posture changing unit and the
light rradiating unit to irradiate the processing light to the
surface of the substrate while changing the posture of the
substrate from a {first posture to a second posture; and a
second processing of controlling, after the first processing,
the posture changing unit and the light irradiating unit to
irradiate the processing light to the surface of the substrate
while changing the posture of the substrate from a third
posture different from the first posture to a fourth posture.

9 Claims, 26 Drawing Sheets
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ASHING APPARATUS, ASHING METHOD
AND RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Japanese Patent
Application No. 2018-012256 filed on Jan. 29, 2018, the

entire disclosures of which are incorporated herein by ret-
erence.

TECHNICAL FIELD

The various aspects and embodiments described herein
pertain generally to an ashing apparatus, an ashing method
and a computer-readable recording medium.

BACKGROUND

Patent Document 1 discloses a substrate processing
method. In this method, a substrate having a processing
target film formed thereon 1s placed 1n a processing chamber
under an oxygen-containing atmosphere having a gas flow
velocity equal to or less than 10 cm/sec, and a part of an
organic film 1s removed by wrradiating an ultraviolet ray to
the substrate.

Patent Document 1: Japanese Patent Laid-open Publica-
tion No. 2016-027617

SUMMARY

Exemplary embodiments provide an ashing apparatus, an
ashing method and a computer-readable recording medium
capable of improving, when ashing an organic film formed
on a surface of a substrate, uniformity 1n a film removal
amount by the ashing within the surface of the substrate.

Example 1

In an exemplary embodiment of an ashing apparatus, an
ashing apparatus includes a light 1irradiating unit configured
to 1rradiate, to a substrate having an organic film formed on
a surface thereof, processing light for ashing the organic
f1lm; a posture changing unit configured to change a posture
of the substrate with respect to the light irradiating unit by
driving at least one of the substrate or the light 1rradiating
unit; and a control unit. The control unit performs: a first
processing ol controlling the posture changing unit and the
light 1irradiating unit to 1rradiate the processing light to the
surface of the substrate from the light irradiating unit while
changing the posture of the substrate with respect to the light
irradiating unit from a first posture to a second posture; and
a second processing of controlling, after the first processing,
the posture changing unit and the light irradiating unit to
irradiate the processing light to the surface of the substrate
from the light irradiating unit while changing the posture of
the substrate with respect to the light irradiating unit from a
third posture diflerent from the first posture to a fourth
posture.

Through researches by the present inventors, however, 1t
1s found out that the beginning of the operation of the
irradiating unit 1s not stable. That 1s, immediately after the
processing light from the irradiating unit 1s turned on, there
may exist some non-uniformity until the processing light
comes 1nto a normal state. For this reason, if the substrate 1s
always at the same posture when the turning-on of the
irradiating unit 1s begun, an adverse influence caused by the
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2

non-stable beginning of the operation of the irradiating unit
may be concentrated to a preset place of the substrate.
Specifically, the ashing may not progress sufliciently at this
preset place of the substrate, and there may be caused
non-uniformity in the film removal amount of the protective
film. According to the ashing apparatus of Example 1,
however, 1n the first processing and the second processing
performed subsequently, the postures of the substrate are all
different whenever the turning-on operation of the 1rradiat-
ing unit 1s begun. Therefore, the adverse intluence caused by
the non-stable beginning of the operation of the 1rradiating,
unmit 1s suppressed from being concentrated to the preset
place of the substrate. Therefore, when ashing the organic
film formed on the front surface of the substrate, the
uniformity in the film removal amount by the ashing within
the surface of the substrate can be improved.

Example 2

In another exemplary embodiment of the ashing appara-
tus, an ashing apparatus includes a light irradiating umnit
configured to 1rradiate, to a substrate having an organic film
formed on a surface thereof, processing light for ashing the
organic film; a posture changing unit configured to change
a posture of the substrate with respect to the light irradiating
unit by driving at least one of the substrate or the light
irradiating unit; and a control unit. The control unit per-
forms: a first processing as an 1nitial processing of control-
ling the posture changing unit and the light irradiating unit
to 1rradiate the processing light to the surface of the substrate
from the light irradiating unit while moving the substrate
with respect to the light irradiating unit at a first speed; and
a second processing as a subsequent processing of control-
ling, after the first processing, the posture changing unit and
the light 1rradiating unit to irradiate the processing light to
the surface of the substrate from the light irradiating unit
while moving the substrate with respect to the light 1rradi-
ating unit at a second speed lower than the first speed.

So far, 1t 1s believed that the film removal amount by the
ashing remains substantially same regardless of a lapse of
time. According to researches by the present inventors,
however, it 1s found out that the film removal amount by the
ashing 1s largest at the beginning of the ashing processing
and gradually decreases with a lapse of a processing time.
According to the ashing apparatus of Example 2, the moving
speed of the substrate 1n the first processing as the initial
processing 1s set to be higher than the moving speed of the
substrate 1in the second processing as the subsequent pro-
cessing. Accordingly, in the imitial processing 1n which the
film removal amount per unit time (hereinafter, sometimes
referred to as “removing rate™) 1s large, a larger area of the
substrate 1s ached. Therefore, concentration of the adverse
influence 1n the iitial processing to the preset place of the
substrate can be suppressed. As a result, when ashing the
organic film formed on the surface of the substrate, 1t 1s
possible to 1improve the uniformity in the film removal
amount by the ashing within the surface of the substrate.

Example 3

In the ashing apparatus of Example 2, the second pro-
cessing comprises: irradiating the processing light to the
surface of the substrate from the light irradiating unit while
changing the posture of the substrate with respect to the light
irradiating unit from a first posture to a second posture at the
second speed; and 1rradiating the processing light to the
surface of the substrate from the light irradiating unit while
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changing the posture of the substrate with respect to the light
irradiating unit from a third posture different from the first

posture to a fourth posture at the second speed. In this case,
in the second processing as the subsequent processing, the
same eflect as that of .

Example 1 1s achieved.

Example 4

In the ashing apparatus of any one of Examples 1 to 3, the
posture changing unit may be configured to rotate the
substrate.

Example 5

In the ashing apparatus of Example 4, a rotation number
of the substrate in the first processing may be set to be 1n a
range from 1 rpm to 100 rpm. In this case, in the first
processing, the substrate 1s rotated at a relatively high
rotation number. In the first processing, the removing rate
tends to be high, as compared to that of the second process-
ing. Thus, 1n the first processing where the removing rate 1s
relatively high, a larger area of the substrate 1s ached. Hence,
the uniformity in the film removal amount by the ashing
within the surface of the substrate can be further improved.

Example 6

The ashing apparatus of any one of Examples 1 to 5 may
turther 1nclude a distance changing unit configured to

change a gap between the substrate and the light 1rradiating
unit. The control unit controls the distance changing unit to
set a s1ze of the gap 1n the second processing to be different
from a size of the gap in the first processing. In case that an
oxygen-containing gas continuously flows around the sub-
strate 1n the ashing processing, the smaller the gap 1s, the
more difficult 1t 1s for the gas to tflow 1n the gap, so that the
removmg rate tends to be decreased. Meanwhile, the larger
the gap 1s, the easier it 1s for the gas to flow in the gap, so
that the removing rate tends to be increased. In view of this,
by setting the gap to be smaller 1n the first processing Where
the removing rate tends to be large as compared to that of the
second processing, the uniformity in the film removal
amount by the ashing within the surface of the substrate can
be further improved. Further, 11 the flow of the oxygen-
containing gas 1s not generated around the substrate 1n the
ashing processing, the larger the gap 1s, the more dithcult 1t
1s for the processing light to reach the substrate from the
irradiating unit. As a result, the removing rate tends to be
reduced. Meanwhile, the smaller the gap 1s, the easier 1t 1s
tor the processing light from the irradiating unit to reach the
substrate, so that the removing rate tends to be increased.
Thus, by setting the gap to be larger in the first processing
in which the removing rate tends to be high as compared to
that of the second processing, the uniformity in the film
removal amount by the ashing within the surface of the

substrate can be further improved.

Example 7

In the ashing apparatus of any one of Examples 1 to 6, the
control unit may further perform a third processing of
controlling the light irradiating unit to turn-on, when a preset
time elapses aiter the processing light from the light 1rradi-
ating unit 1s turned ofl, the light irradiating unit such that the
processing light 1s not irradiated to the surface of the
substrate, and then, irradiate the processing light to the
surface of the substrate. In this case, the processing light
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from the light irradiating unit 1s irradiated to the surface of
the substrate after a temperature of the light 1irradiating unit
1s stabilized. Therelfore, a variation of the removing rate that
may be caused by a temperature variation of the light
irradiating unit 1s suppressed. Thus, 1t 1s possible to further
improve the uniformity in the film removal amount by the
ashing within the surface of the substrate. Further, 1f a preset
time period supposed to elapse atfter the light irradiating unit
1s turned off 1s previously known, the light 1irradiating unit
may be turned on before the preset time passes by. In such
a case, by turning ofl the processing light again within a
predetermined time immediately before the third processing,
to allow the uniformity in the film removal amount within
the surface of the substrate to fall within an allowable range,
it 1s possible to achieve both improvement of the uniformaity
in the film removal amount within the surface of the sub-
strate and the reduction of the power consumption caused by

the turming-on operation of the light 1irradiating unat.

Example 8

In an exemplary embodiment of an ashing method, an
ashing method includes a first process of irradiating, to a
surface of a substrate having an organic film formed on the
surface thereol, processing light for ashing the organic film
from a light 1rradiating unit while changing a posture of the
substrate with respect to the light irradiating unit from a first
posture to a second posture; and a second process of
irradiating, after the first process, the processing light to the
surface of the substrate from the light irradiating unit while
changing the posture of the substrate with respect to the light
irradiating unit from a third posture different from the first
posture to a fourth posture. In this case, the same el

eCt as
that of the ashing apparatus of Example 1 1s achieved.

Example 9

In another exemplary embodiment of the ashing method,
an ashing method includes a first process as an mitial process
of rradiating, to a surface of a substrate having an organic
film formed on the surface thereof, processing light for
ashing the organic film from a light wrradiating unit while
moving the substrate with respect to the light irradiating unit
at a first speed; and a second process as a subsequent process
of wrracdhating, after the first process, the processing light to
the surface of the substrate from the light 1rradiating unit
while moving the substrate with respect to the light 1rradi-
ating unit at a second speed lower than the first speed. In this
case, the same eflect as that of the ashing apparatus of
Example 2 1s achieved.

Example 10

In the ashing method of Example 9, the second process
may 1nclude 1rradiating the processing light to the surface of
the substrate from the light 1rradiating unit while changing
a posture of the substrate with respect to the light 1rradiating
unit from a first posture to a second posture at the second
speed; and 1rradiating the processing light to the surface of
the substrate from the light 1rradiating unit while changing
the posture of the substrate with respect to the light 1rradi-
ating unit from a third posture diflerent from the first posture
to a fourth posture at the second speed. In this case, the same
cllect as that of the ashing apparatus of Example 3 1is
achieved.

Example 11

In the ashing method of any one of Examples 8 to 10, the
substrate may be rotated with respect to the light irradiating
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unit. In this case, the same eflect as that of the ashing
apparatus of Example 4 1s achieved.

Example 12

In the ashing method of Example 9, a rotation number of
the substrate in the first process may be set to be 1n a range
from 1 rpm to 100 rpm. In this case, the same eflect as that
of the ashing apparatus of Example 5 1s aclhueved.

Example 13

In the ashing method of any one of Examples 8 to 12, a
gap between the substrate and the light 1irradiating unit 1n the
second process may be set to be different from the gap
between the substrate and the light irradiating unit 1n the first
process. In this case, the same eflect as that of the ashing
apparatus of Example 6 1s achieved.

Example 14

The ashing method of any one of Examples 8 to 13 may
turther 1include a third process of turning-on, when a preset
time elapses after the processing light from the light 1rradi-
ating unit 1s turned off or when a temperature of the light
irradiating unit after the processing light from the light
irradiating unit 1s turned oil 1s equal to or less than a preset
value, the light 1rradiating unit such that the processing light
1s not 1rradiated to the surface of the substrate, and then,
irradiating the processing light to the surface of the sub-
strate. In this case, the same eflect as that of the ashing
apparatus of Example 7 1s achieved.

Example 15

There 1s provided a computer-readable recording medium
having stored thereon computer-executable instructions that,
in response to execution, cause an ashing apparatus to
perform the ashing method as described in any one of
Examples 8 to 14. In this case, the same eflect as that of the
ashing method of any one of Examples 8 to 14 1s achieved.
In the present disclosure, the computer-readable recording
medium 1includes a non-transitory computer recording
medium (e.g., various kinds of main memory devices or
auxiliary memory devices) and a transmission signal (tran-
sitory computer recording medium) (e.g., a data signal that
can be provided via a network).

According to the ashing apparatus, the ashing method and
the computer-readable recording medium of the present
disclosure, when ashing the organic film formed on the
surface of the substrate, the uniformity in the film removal
amount by the ashing within the surface of the substrate can
be 1mproved.

The foregoing summary 1s 1illustrative only and 1s not
intended to be any way limiting. In addition to the 1llustra-
tive aspects, embodiments, and features described above,
turther aspects, embodiments, and features will become

apparent by reference to the drawings and the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description that follows, embodiments are
described as 1llustrations only since various changes and
modifications will become apparent to those skilled 1n the art
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from the following detailed description. The use of the same
reference numbers 1n different figures 1ndicates similar or
identical items.

FIG. 1 1s a perspective view 1illustrating a substrate
processing system;

FIG. 2 1s a cross sectional view taken along a line II-1I of
FIG. 1;

FIG. 3 1s a diagram schematically illustrating a configu-
ration of an ashing unait;

FIG. 4 1s a top view schematically illustrating a heat plate;

FIG. 5 1s a perspective view schematically 1llustrating an
irradiating unit with a ceiling wall of a housing removed;

FIG. 6 1s a top view schematically illustrating rotation of
a waler with respect to a light source;

FIG. 7 1s a schematic diagram illustrating a hardware
configuration of a controller;

FIG. 8 1s a flowchart for describing a water processing
sequence;

FIG. 9 1s a flowchart for describing an example of an
ashing processing sequence;

FIG. 10A 1s a diagram for describing a carry-in/carry-out
of a wafer into/from the ashing unit, and FIG. 10B 1s a
diagram for describing light 1rradiation to the wafer;

FIG. 11A 1s a graph showing an example of a variation of
a rotation angle of the water with a lapse of time, and FIG.
11B 1s a graph showing an example of a variation of
turning-on and turning-oil of the light source with the lapse
of time;

FIG. 12 1s a graph showing a relationship between a waler
ashing processing time and a film removal amount per unit
time and a relationship between the water ashing processing
time and a cumulative film removal amount;

FIG. 13 15 a flowchart for describing another example of
the ashing processing sequence;

FIG. 14A 1s a graph showing another example of a
variation of a rotation angle of the water with a lapse of time;

FIG. 14B 1s a graph showing another example of a
variation of turning-on and turning-ofl of the light source
with the lapse of time;

FIG. 15A 1s a graph showing yet another example of a
variation of a rotation angle of the water with a lapse of time;

FIG. 15B 1s a graph showing yet another example of a
variation of turning-on and turning-oil of the light source
with the lapse of time;

FIG. 16A 1s a graph showing still yet another example of
a variation of a rotation angle of the water with a lapse of
time;

FIG. 16B 1s a graph showing still yet another example of
a variation of turning-on and turning-oil of the light source
with the lapse of time;

FIG. 17A 1s a graph showing still yet another example of
a variation of a rotation angle of the water with a lapse of
time;

FIG. 17B 1s a graph showing still yet another example of
a variation of turning-on and turning-oil of the light source
with the lapse of time;

FIG. 18A 15 a graph showing still yet another example of
a variation of a rotation angle of the water with a lapse of
time;

FIG. 18B 1s a graph showing still yet another example of
a variation of turning-on and turning-oil of the light source
with the lapse of time;

FIG. 19 1s a top view schematically illustrating a state 1n
which the water 1s moved with respect to the light source;

FIG. 20A 1s a diagram for describing dummy irradiation
and FIG. 20B 1s a diagram for describing light irradiation to
the wafer;
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FIG. 21A 1s a graph showing a varnation of a rotation
angle of a water with a lapse of time 1n a first experimental

example, and FIG. 21B 1s a graph showing a variation of
turning-on and turning-ofl of the light source in the first
experimental example;

FIG. 22A 1s a graph showing a variation of a rotation
angle ol a wafter with a lapse of time 1n a second experi-
mental example, and FIG. 22B 1s a graph showing a varia-
tion of turning-on and turning-ofl of the light source in the
second experimental example;

FIG. 23A 1s a graph showing a varnation of a rotation
angle of a water with a lapse of time 1n a third experimental
example, and FIG. 23B 1s a graph showing a variation of
turning-on and turning-ofl of the light source in the third
experimental example;

FIG. 24A 1s a graph showing a variation of a rotation
angle of a waler with a lapse of time 1n a comparative
example, and FIG. 24B 1s a graph showing a variation of
turning-on and turning-oil of the light source in the com-
parative example;

FIG. 25A 1s a diagram showing an in-surface distribution
of a film removal amount 1n the first experimental example,
and FIG. 25B 1s a diagram showing the in-surface distribu-
tion of the film removal amount 1n the second experimental
example; and

FIG. 26A 1s a diagram showing the 1n-surface distribution
of the film removal amount 1n the third experimental
example, and FIG. 26B 1s a diagram showing the in-surface
distribution of the film removal amount in the comparative
example.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings, which form a part of the
description. In the drawings, similar symbols typically 1den-
tify similar components, unless context dictates otherwise.
Furthermore, unless otherwise noted, the description of each
successive drawing may reference features from one or more
of the previous drawings to provide clearer context and a
more substantive explanation of the current exemplary
embodiment. Still, the exemplary embodiments described 1n
the detailed description, drawings, and claims are not meant
to be limiting. Other embodiments may be utilized, and
other changes may be made, without departing from the
spirit or scope of the subject matter presented herein. It wall
be readily understood that the aspects of the present disclo-
sure, as generally described herein and illustrated in the
drawings, may be arranged, substituted, combined, sepa-
rated, and designed 1 a wide variety of diflerent configu-
rations, all of which are explicitly contemplated herein.

It should be noted once again that the exemplary embodi-
ments ol the present disclosure are nothing more than
examples, and the present disclosure 1s not limited to the
following description. In the following description, parts
having same elements or same functions will be assigned
same reference numerals, and redundant description will be
omitted.

[Configuration of Substrate Processing Apparatus]

A configuration of a substrate processing apparatus 1 will
be explamned with reference to FIG. 1 and FIG. 2. The
substrate processing apparatus 1 1s configured to perform a
processing of forming a coating film on a surface of a
substrate by coating the surface of the substrate with a
coating liquid of an organic material, a processing of hard-
ening the coating film by heat treatment to use the coating
film as a protective film (organic film) and a processing of
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smoothing a surface of the protective film by an aching
processing. The substrate as a processing target may be, by
way ol example, but not limitation, a semiconductor water
W. The protective film may be a hard mask of, by way of
non-limiting example, spin on carbon (SOC). The substrate
processing apparatus 1 includes: a carrier block 2 and a
processing block 3 adjacent to each other; and a controller
100 (control unit).

The carrier block 2 performs a carry-in of the water W
into the substrate processing apparatus 1 and a carry-out of
the waler W from the substrate processing apparatus 1. For
example, the carrier block 2 1s capable of supporting a
plurality of carriers 11 for waters W, and 1s equipped with a
transfer arm Al as shown in FIG. 2. Each carrmier 11
accommodates thereimn a multiple number of, for example,
circular waters W. The transfer arm Al takes out a waler W
from the carrier 11, delivers the taken water W into the
processing block 3, recerves the water W from the process-
ing block 3 and returns the received water W back into the
carrier 11.

The processing block 3 includes a plurality of liquid
processing units Ul, a plurality of ashing units U2 (ashing
apparatuses) and a transfer arm A2 configured to transter the
waler W into these units. Each liquid processing unit Ul 1s
configured to perform a processing (coating processing) of
forming an organic film by supplying a processing liquid for
hard mask formation onto a surface of the water W. Each
ashing unit U2 1s configured to perform a heat treatment for
turning the coating film into a hard mask and a processing
(ashing processing) of removing a protective {ilm partially
by ashing. Within the processing block 3, a shelf unit U10
1s provided at the side of the carrier block 2. The shelf unit
U10 1s composed of a multiple number of cells arranged in
the vertical direction.

The controller 100 controls the carrier block 2 and the
processing block 3 to perform the coating processing, the
heat treatment and the ashing processing upon the water W.
For example, the controller 100 first controls the transfer
arm Al to transier the water W within the carrier 11 into the
shelf unit U10. Then, the controller 100 controls the transier
arm A2 to transfer the water W of the shelf unit U10 into the
liquid processing unit U1, and controls the liquid processing
umt Ul to perform the coating processing on the wafer W.
Thereafter, the controller 100 controls the transfer arm A2 to
transier the water W from the liquid processing unit Ul 1nto
the ashing unit U2, and controls the ashing unit U2 to
perform the heat treatment and the ashing processing on the
waler W. Subsequently, the controller 100 controls the
transier arm A2 to transfer the water W from the ashing unit
U2 into the shelf unit U10, and controls the transfer arm Al
to return the water W from the shelf unit U10 back into the
carrier 11. Through these operations, the coating processing,
the heat treatment and the ashing processing upon the single
waler W are completed.

|Configuration of Ashing Unait]

Now, a configuration of the ashing unit U2 will be
explained with reference to FIG. 3 to FIG. 7. As shown 1n
FIG. 3, the ashing unit U2 includes a housing 20, a rotating/
holding unit 30 (posture changing unit), a light 1irradiating
unit 40, a supporting unit 50, a distance changing unit 60 and
an oxygen supplying unit 70.

The housing 20 accommodates therein some constituent
components of the ashing unit U2. By way of example, the
housing 20 accommodates therein the rotating/holding unit
30, the supporting unit 50 and the distance changing unit 60.

The rotating/holding unit 30 1s equipped with a holding
unit 31 and a rotation driving unit 32. The holding unit 31
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1s configured to hold, from below, the waler W horizontally
with a front surface Wa of the wafer W facing upwards. The
holding unit 31 includes a heat plate 33. The heat plate 33
1s configured to face a rear surface Wb of the waler W. The
heat plate 33 includes, as shown i FIG. 4, a plurality of
heating regions arranged 1n the diametrical direction of the
waler W. For example, the heat plate 33 includes two heating,
regions 33a and 33b concentrically arranged outwards from
a center of the water W. The heating regions 33a and 335
incorporate therein heaters individually. As the controller
100 controls the heaters, temperature distributions of the
heating regions 33a and 3356 are adjusted individually.

The rotation driving unit 32 rotates both heat plate 33 and
the water W held by the holding unit 31. The rotation driving
unit 32 rotates the holding unit 31 around a vertical axis
passing through centers of the water W and the heat plate 33
by using, for example, an electric motor as a power source.

The light 1rradiating unit 40 1s disposed above the housing
20. The light irradiating unit 40 includes, as shown 1n FIG.
3 and FIG. 5, a housing 41, a light source 42 and a window
43. The housing 41 accommodates therein at least one light
source 42.

The light source 42 1s configured to irradiate processing,
light for aching the organic film to the front surface Wa of
the water W held by the holding umt 31. The processing
light 1s an ultraviolet ray having a wavelength ranging from.,
¢.g., about 10 nm to 300 nm. The light source 42 has, for
example, a straight tube shape and may be extended within
the housing 41 to be parallel with the front surface Wa of the
waler W. As depicted 1n FIG. 5, a plurality of (four in FIG.
5) straight tube-shaped light sources 42 may be arranged
within the housing 41 1n one direction with a preset distance
therebetween. In such a configuration, as depicted 1n FIG. 6,
the processing light from the light sources 42 may not be
irradiated to the front surface Wa of the waler W 1n a
uniform manner. That 1s, a region of the front surface Wa
located directly under the light sources 42 may be easily
ached. The reason for moving (rotating i1n the present
exemplary embodiment) the water W with respect to the
light sources 42 1s to uniform deviation in the aching which
may occur depending on the arrangement of the light
sources 42.

The window 43 1s provided at a bottom wall of the
housing 41, facing the holding unit 31. The window 43
transmits the processing light from the light source 42 1nto
the housing 20.

The supporting unit 50 1s provided under the holding unit
31 within the housing 20. The supporting unit 30 includes a
multiple number of supporting pins 51 protruding upwards.
Leading ends of the supporting pins 51 are capable of being
inserted through through holes (not shown) of the holding
unit 31 and through holes 33¢ of the heat plate 33. With this
configuration, the leading ends of the supporting pins 51 are
protruded above or retracted below the heat plate 33 and
support the water W when the water W 1s carried into or out
of the housing 20.

The distance changing unit 60 1s configured to vary a
distance between the water W held by the holding unit 30
and the light irradiating unit 40. The distance changing unit
60 moves the rotating/holding unit 30 up and down by using,
for example, an electric motor or an air cylinder as a power
source. If the distance changing unit 60 moves the rotating/
holding umit 30 upwards, a gap between the water W and the
light irradiating unit 40 1s reduced, whereas 11 the distance
changing unit 60 moves the rotating/holding unit 30 down-
wards, the gap between the water W and the light 1irradiating,
unit 40 1s increased. Further, the distance changing unit 60
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also serves as a mechanism configured to allow the leading
ends of the supporting pins 51 of the supporting unit 50 to
be protruded above or retracted below the heat plate 33. To
be specific, 1f the distance changing unit 60 lowers the
rotating/holding umit 30, the supporting pins 51 penetrate the
holding umit 31 and the heat plate 33, and the leading ends
of the supporting pins 51 are protruded above the heat plate
33.

The oxygen supplying umt 70 1s configured to supply
oxygen-containing gas into the housing 20. The oxygen
supplying unit 70 1s equipped with a nozzle 71, a gas source
72 configured to supply oxygen into the nozzle 71 and a
valve 73 configured to open or close a path from the gas
source 72 into the nozzle 71. An opening (supply hole) of the
nozzle 71 may be opened toward a center of a space between
the wafer W and the light irradiating unit 40. Further, 1t 1s
desirable that the gas source 72 supplies a gas having an
oxygen concentration higher than at least an oxygen con-
centration of the alorementioned oxygen-containing gas into
the nozzle 71 as a gas for adding the oxygen.

The controller 100 includes, as functional components
(heremaftter, referred to as “functional modules™) for con-
trolling the ashing umt U2, a heat plate control unit 101, an
clevation control unit 102, a light source control unit 103, a
rotation control unit 104, a valve control unit 105 and a
storage unit 106, as depicted in FIG. 3.

The heat plate control unit 101 controls the heat plate 33
to adjust a temperature distribution under the conditions that
a difference 1n the progressions of the ashing between the
regions arranged in the diametrical direction of the water W
1s reduced. For example, the heat plate control unit 101
controls the heat plate 33 to decrease a temperature of a
heating region corresponding to a region where a progres-
s1on speed of the ashing (ashing rate) 1s increased when the
temperature distribution 1s uniform and to increase a tem-
perature of a heating region corresponding to a region where
the ashing rate 1s decreased when the temperature distribu-
tion 1s uniform.

The elevation control unit 102 controls the distance
changing unit 60 to move the holding unit 31 and the heat
plate 33 up and down. For the purpose, when the water W
1s placed on the heat plate 33, the elevation control unit 102
controls the distance changing unit 60 to vary the gap
between the waler W and the light irradiating unit 40.

The light source control unit 103 controls the light source
42 to 1rradiate the light for ashing to the front surface Wa of
the waler W.

The rotation control unit 104 controls the rotation driving
unit 32 to rotate the water W. The rotation control unit 104
may control the rotating/holding unit 30 to decrease a
rotational speed of the water W with a lapse of time from the
beginning of the wrradiation of the light for ashing to the
waler W.

The valve control umit 105 controls the valve 73 to supply
the oxygen-containing gas into the housing 20.

The storage unit 106 stores previously set control param-
cters therein. These control parameters include a control
target value for the heat plate 33 (for example, a target
temperature value of each heating region) which 1s previ-
ously set for the control of the heat plate control unit 101, a
control target value for the distance changing unit 60 (for
example, a target height value of the holding unit 31) which
1s previously set for the control of the elevation control unit
102, a control target value for the light source 42 (for
example, a target light amount value of each light source 42)
which 1s previously set for the control of the light source
control unit 103, a control target value for the rotation




US 11,049,739 B2

11

driving unit 32 (for example, a target rotational speed value
and a target rotation number of the holding unit 31) which
1s previously set for the control of the rotation control unit
104, and so forth.

The controller 100 1s composed of one or more control
computers. By way of example, the controller 100 1is
equipped with a circuit 110 shown 1n FIG. 7. The circuit 110
includes one or more processors 111, a memory 112, a
storage 113 and an mput/output port 114. The storage 113
has a computer-readable recording medium such as, but not
limited to, a hard disk. The recording medium stores therein
programs that cause the aching umt U2 to perform a sub-
strate processing sequence to be described later. The record-
ing medium may be a portable medium such as, by way of
example, a non-volatile semiconductor memory, a magnetic
disk and an optical disk. The memory 112 temporarily stores
thereon the programs loaded from the recording medium of
the storage 113 and operation results by the processor 111.
The processor 111 constitutes the aforementioned individual
functional modules by executing the programs 1n coopera-
tion with the memory 112. The mput/output port 114 per-
forms an input and an output of a signal among the heat plate
33, the transfer arm A2, the rotation driving unit 32, the light
source 42, the distance changing unit 60 and the valve 73 1n
response to an instruction from the processor 111. Further,
the hardware configuration of the controller 100 may not be
limited to constituting the individual functional modules by
the programs. For example, each functional modules of the
controller 100 may be implemented by a dedicated logical
circuit or an ASIC (Application Specific Integrated Circuit)
which 1s an integration of logical circuits.

[Substrate Processing Method]

Now, as an example of a substrate processing method, the

substrate processing sequence performed by the ashing unit
U2 will be explained with reference to FI1G. 8, FIG. 10A and

FIG. 10B.

The controller 100 first performs processes 51 and S2
shown 1n FIG. 8. In the process 51, the heat plate control unit
101 controls the heat plate 33 to start temperature adjust-
ment of each heating region based on the target temperature
value for the heat treatment stored 1n the storage unit 106. In
the process S2, the controller 110 performs a control for
carrying the water W 1nto the housing 20 of the ashing unit
U2 by controlling the arms Al and A2.

If the water W 1s carried into the housing 20, the elevation
control unit 102 controls the distance changing unit 60 to
lower the holding unit 31 to a position (hereinaiter, referred
to as “carry-mn/carry-out position”) where the leading ends
of the supporting pins 51 are protruded above the heat plate
33. Thereatter, the controller 100 controls the transfer arm
A2 such that the waler W 1s placed on the supporting pins
51 with the front surface Wa facing upwards (see FI1G. 10A).
Then, the elevation control unit 102 controls the distance
changing unit 60 to move the holding unit 31 upward until
the leading ends of the supporting pins 31 are positioned
under the heat plate 33 (see FIG. 10B). Through these
operations, the waler W 1s placed on the heat plate 33, and
heating over the water W by the heat plate 33 1s begun.

Subsequently, the controller 100 performs processes S3,
S4 and S5 shown 1n FIG. 8. In the process S3, the heat plate
control unit 101 waits for a lapse of a predetermined time
stored 1n the storage unit 106. The predetermined time 1s
previously set to allow the organic film to be sufliciently
hardened to become the hard mask. The process S4 includes
an ashing processing of irradiating processing light for
ashing to the organic film on the front surface Wa of the
waler W. A specific sequence of the ashing processing will
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be described later. Then, the controller 100 performs the
process S5. In the process S5, the controller 100 checks
whether walers W as processing targets are all processed.

If 1t 1s determined by the controller 100 1n the process S5
that the processing on all the waters W 1s not completed, the
controller 100 performs a process S6. In the process ST6, the
controller 100 performs a control for carrying the water W
out of the housing 20 and carrying a next water W into the
housing 20. After the process S6, the controller 100 returns
the processing back to the process S3. Then, the heat
treatment and the ashing processing are repeated until all the
walers W are processed.

In the process S5, 11 it 1s determined by the controller 100
that the processing on all the waters W 1s completed, the
controller 100 performs processes S7 and S8. In the process
S7, the controller 100 performs a control for carrying the
waler W out of the housing 20. In the process S8, the heat
plate control unit 101 controls the heat plate 33 to stop the
operations of the heaters. Through the above-described
operations, the control sequence over the ashing unit U2 by
the controller 100 1s completed.

| Aching Processing]

Now, referring to FIG. 9 to FIG. 11B, an example of a
specific sequence of the ashing processing of the process S4
will be elaborated. The controller 100 first performs pro-
cesses S11 to S14 shown 1 FIG. 9.

In the process S11, the heat plate control unit 101 controls
the heat plate 33 to vary a temperature of each heating region
based on a target temperature value for ashing processing
stored 1n the storage unit 106. The target temperature value
for ashing processing 1s previously set to decrease a tem-
perature of a heating region corresponding to a region where
an ashing rate 1s increased when the temperature distribution
1s uniform and to increase a temperature of a heating region
corresponding to a region where the ashing rate 1s decreased
when the temperature distribution 1s uniform. Typically, 1t 1s
difficult for the ashing processing to be performed at a
central portion of the water W, whereas the ashing process-
ing more easily takes place at a peripheral portion of the
waler W. On this ground, the heat plate control unit 101 may
control the heat plate 33 such that a temperature of a heating
region 33a corresponding to the central portion of the water
W becomes higher than a temperature of a heating region
335 corresponding to the peripheral portion of the wafer W.

In the process S12, the light source control unit 103
controls the light sources 42 to be turned on.

In the process S13, the rotation control umt 104 controls
the rotation driving unit 32 to start the rotation of the holding,
unit 31 by the rotation driving unit 32. Accordingly, the
rotation of the holding unit 31, the heat plate 33 and the
waler W 1s begun. In the process S13, the rotation control
unmit 104 controls the rotation driving unit 32 such that the
waler W 1s rotated by 120° at a regular rotation number.
Further, the rotation number of the water W may be set to be
about 1 rpm to about 100 rpm.

In the process S14, the light source control unit 103
controls the light sources 42 to be turned of

Then, the controller 100 performs a process S15. In the
process S15, the controller 100 determines whether the
rotation of the waler W by 120° has been repeated three
times. That 1s, the controller 100 determines whether the
waler W has been rotated one round (whether the rotation
angle of the waler W has reached 360°).

In the process S15, 11 1t 1s determined by the controller 100
that the water W 1s not rotated one round, the controller 100
performs the processes S12 to S14 again. Thus, as shown in
FIG. 11A, the waler W 1s temporarily stopped after being
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rotated at a regular rotation number until the rotation angle
reaches 120°, then temporarily stopped after being rotated at
the regular rotation number until the rotation angle reaches
240°, and then finally stopped after being rotated at the
regular rotation number until the rotation angle reaches
360°. That 1s, the water W intermittently repeats the rotation
and the stop of the rotation thereof.

Meanwhile, the light source 42 repeats turning-on and
turning-ofl thereol according to the atorementioned inter-
mittent operation of the water W, as depicted 1in FIG. 11B.
To elaborate, when the rotating operation of the waler W 1s
begun from a state where the rotation angle of the water W
1s 0° (first posture), the turning-on operation of the light
source 42 1s also begun. Then, when the stopping operation
of the water W 1s begun as the wafer W comes 1nto a state
where the rotation angle thereof has reached 120° (second
posture), the turning-oil operation of the light source 42 1s
begun. Likewise, when the rotating operation of the waler W
1s begun from a state where the rotation angle of the wafer
W 1s 120° (third posture), the turning-on operation of the
light source 42 1s begun. Then, when the stopping operation
of the water W 1s begun as the waler W comes 1nto a state
where the rotation angle thereof has reached 240° (fourth
posture), the turning-oil operation of the light source 42 1s
begun. Further, still likewise, when the rotating operation of
the waler W 1s begun from a state where the rotation angle
of the water W 1s 240°, the turning-on operation of the light
source 42 1s begun. Then, when the stopping operation of the
waler 1s begun as the water W comes 1nto a state where the
rotation angle thereof reaches 360°, the turning-oil operation
of the light source 42 1s begun. Accordingly, when the
turning-on operation of the light source 42 1s begun, the
rotation angles of the water W (the postures of the waler W)
are all different.

In the process S15, 111t 1s determined by the controller 100
that the wafer W has been rotated one round, the controller
100 performs a process S16. In the process S16, the heat
plate control unit 101 controls the heat plate 33 to return the
temperature of each heating region to the target temperature
value for the heat treatment stored in the storage unit 106.
Through these operations, the ashing processing 1s com-
pleted.

|[Effects]

Through researches by the present inventors, however, 1t
1s found out that the operation of the light source 42 1s not
stable at the beginning. That 1s, immediately after the
processing light from the light source 42 1s turned on, there
may exist some non-uniformity until the processing light
comes 1nto a normal state. For this reason, if the water W 1s
always at the same rotation angle (posture) when the turmn-
ing-on of the light irradiating unit 1s begun, an adverse
influence caused by the non-stable beginming of the opera-
tion of the light source 42 may be concentrated to a preset
place of the waler W. Specifically, the ashing may not
progress sulliciently at this preset place of the water W, and
there may be caused non-uniformity in the film removal
amount of the protective film.

According to the present exemplary embodiment, how-
ever, the rotation angles of the waler W (the postures of the
waler W) are all different whenever the turning-on operation
of the light source 42 1s begun. Therefore, the adverse
influence caused by the non-stable beginming of the opera-
tion of the light source 42 i1s suppressed from being con-
centrated to the preset place of the water W. Therefore, when
ashing the protective film formed on the front surface Wa of
the water W, uniformity in the film removal amount by the
ashing within the surface of the water W can be improved.
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In the present exemplary embodiment, the rotation num-
ber of the water W may be set to be 1n a range from 1 rpm
to 100 rpm. In this case, the waler W 1s rotated at a relatively
high rotation number at least 1n an 1nitial stage of the ashing
processing (initial processing). In the initial processing, a
removing rate tends to be large, as compared to that 1n the
subsequent processing. Therefore, 1n the initial processing
where the removing rate 1s relatively large, a larger area of
the water W 1s ached. Hence, it 1s possible to further improve
the uniformity in the film removal amount by the ashing
within the surface of the wafter W.

(Other Modification Examples)

So far, the exemplary embodiment has been described.
However, it should be noted that various changes and
modifications may be made within the scope of the present
disclosure.

(1) For example, instead of the ashing processing shown
in FIG. 9, an ashing processing shown in FIG. 13 may be
performed. In this case, the controller 100 first performs
processes S21 to S24. Since the processes S21, S22 and S24
are the same as the processes S11, S12 and S14 of FIG. 9,
respectively, redundant description thereof will be omatted.

In the process S23, the rotation control umt 104 controls
the rotation driving unit 32 to start the rotation of the holding,
unmit 31 by the rotation driving unit 32. Accordingly, the
rotation of the holding unit 31, the heat plate 33 and the
waler W 1s begun. In the process S23, the rotation control
umt 104 controls the rotation driving unit 32 such that the
waler W 1s rotated one round at a rotation number w1 (first
speed). Here, the rotation number w1 may be set to be about
1 rpm to about 100 rpm.

Then, the controller 100 performs processes S25 to S27.
Since the processes S25 and S27 are the same as the
processes S22 and S24, respectively, redundant description
thereof will be omitted here.

In the process S26, the rotation control umt 104 controls
the rotation driving unit 32 to start the rotation of the holding,
unmit 31 by the rotation driving unit 32. Accordingly, the
rotation of the holding unit 31, the heat plate 33 and the
waler W 1s begun. In the process S26, the rotation control
unmt 104 controls the rotation driving unit 32 such that the
waler W 1s rotated one round at a rotation number 2
(second speed). Here, the rotation number w2 1s set to be
lower than the rotation number w1 (w1>m2).

Referring to FIG. 14A, during the processes S22 to S27,
the water W 1s temporarily stopped after being rotated one
round at the rotation number w1, and then stopped after
being rotated one round at the rotation number w2. That 1s,
the water W repeats the rotation and the stop of the rotation
intermittently. Meanwhile, the light source 42 repeats the
turning-on and the turning-oil according to the intermittent
operation of the water W, as shown 1n FIG. 14B.

Thereatter, the controller 100 performs a process S28.
Here, since the process S28 1s the same as the process S16
of FIG. 9, redundant description thereof will be omatted.

So far, 1t 1s assumed that the film removal amount by the
ashing remains substantially same regardless of a lapse of
time. According to researches by the present inventors,
however, it 1s found out that the film removal amount by the
ashing 1s largest at the beginning of the ashing processing
and gradually decreases with a lapse of the processing time,
as shown in FIG. 12.

A cumulative film removal amount and a film removal
amount per unit time shown in FIG. 12 are obtained as
tollows. First, 20 sheets of walers W are prepared, and the
protective film having a substantially same thickness 1s
formed on the front surface Wa of each of the water W. Then,




US 11,049,739 B2

15

the ashing processing 1s performed on these 20 sheets of
walers W while changing the irradiation time (processing
time) of the processing light to the water W from the light
source 42 by 1 sec. For example, the ashing processing 1s
performed on a first sheet of waler W for 1 sec. The ashing
processing 1s performed on a second sheet of waler W for 2
sec. The ashing processing 1s performed on a third sheet of
waler W for 3 sec. To generalize, the ashing processing 1s
performed on the M? wafer for M sec (M is a natural number
ranging ifrom 1 to 20).

The film removal amount 1s measured for each of the 20
sheets of waters W subjected to the ashing processing. By
plotting these film removal amounts, a polygonal line graph
in FIG. 12 showing “cumulative film removal amount” is
obtained. Further, for all of the waters W, by subtracting the
film removal amount of the (M-1)” sheet of wafer W from
the film removal amount of the M” sheet of wafer, a
processing of calculating a difference between the film
removal amount of the M” sheet of wafer W and the film
removal amount of the (M—=1)" sheet of wafer W is per-
formed. Here, although 0” sheet of wafer does not actually
exist, the film removal amount thereof 1s assumed as zero
(0). By plotting these differences, a bar graph of FIG. 12
showing “film removal amount per unit time” 1s obtained.

According to the present modification example, the rota-
tion number w1l of the wafer W at the 1mitial stage of the
ashing processing (1nitial processing) 1s set to be higher than
the rotation number w2 of the water W 1n the later stage of
the ashing processing (subsequent processing). Therefore, a
larger area of the substrate 1s ached at the 1mitial processing
where the removing rate 1s large. Accordingly, concentration
of the influence caused by the 1nitial processing to the preset
position of the water W 1s suppressed. As a result, when
ashing the protective film formed on the front surface Wa of
the water W, 1t 1s possible to improve the uniformity in the
film removal amount by the ashing within the surface of the
wafer.

(2) The rotation of the water W and the turning-on/off of
the light source 42 may be controlled as shown in FIG. 15A
and FIG. 15B. To elaborate, as depicted 1in FIG. 15A, the
waler W 1s temporarily stopped after being rotated one
round at a regular rotation number. Then, the water W 1s
temporarily stopped after being rotated at the regular rota-
tion number until the rotation angle reaches 120°, then
temporarily stopped after being rotated at the regular rota-
tion number until the rotation angle reaches 240°, and then
finally stopped aiter being rotated at the regular rotation
number until the rotation angle reaches 360°. Meanwhile,
the light source 42 repeats the turning-on and the turning-oil
according to the mtermittent operation of the water W, as
shown 1n FIG. 15B.

(3) The rotation of the water W and the turning-on/off of
the light source 42 may be controlled as shown in FIG. 16 A
and FIG. 16B. To elaborate, as depicted 1n FIG. 16A, the
waler W 1s temporarily stopped after being rotated one
round at a rotation number wl. Then, the waler W 1s
temporarily stopped after being rotated at a rotation number
w2 until the rotation angle reaches 120°, then temporarily
stopped after being rotated at the rotation number w2 until
the rotation angle reaches 240°, and then finally stopped
alter being rotated at the rotation number ®w2 until the
rotation angle reaches 360° (w1>m2). Meanwhile, the light
source 42 repeats the turning-on and the turning-ofl accord-
ing to the mtermittent operation of the water W, as shown 1n
FIG. 16B.

(4) The rotation of the water W and the turning-on/off of
the light source 42 may be controlled as shown in FIG. 17A
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and FIG. 17B. To elaborate, as depicted 1in FIG. 17A, the
waler W 1s temporarily stopped after being rotated at a
regular rotation number until the rotation angle reaches
2'70°; temporarily stopped after being rotated at the regular
rotation number until the rotation angle reaches 180° (540°);
temporarily stopped after being rotated at the regular rota-
tion number until the rotation angle reaches 90° (810°), and
then finally stopped after being rotated at the regular rotation
number until the rotation angle reaches 360° (1080°). Mean-
while, the light source 42 repeats the turning-on and the
turning-ofl according to the intermittent operation of the
wafer W, as shown 1n FIG. 17B.

Alternatively, the rotation of the wafer W and the turning-
on/off of the light source 42 may be controlled as shown 1n
FIG. 18A and FIG. 18B. To elaborate, as depicted 1in FIG.
18A, an operation of stopping the water W after rotating the
waler W by 120° at a regular rotation number 1s repeated
until the water W 1s rotated one round. Then, an operation
of temporarily stopping the waler W after rotating the wafer
W by 130° at the regular rotation number, temporarily
stopping the waler W alter rotating the water W by 120° at
the regular rotation number and temporarily stopping the
waler W after rotating the water W by 120° at the regular
rotation number 1s repeated twice. Meanwhile, the light
source 42 repeats the turning-on and the turning-oif accord-
ing to the mtermittent operation of the water W, as shown 1n
FIG. 18B. Further, though an angular variation amount of
the water W at the beginning of the turning-on of the light
source 42 1s by 10° 1n the example shown 1n FIG. 18A and
FIG. 18B, this angular variation amount can be set as
required.

In this case, when the turning-on operation of the light
source 42 1s begun, the rotation angles of the water W (the
postures of the water W) are all diflerent. Therefore, the
adverse influence caused by the non-stable beginning of the
operation of the light source 42 1s suppressed from being
concentrated to the preset place of the water W. Therelore,
when ashing the protective film formed on the front surface
Wa of the water W, 1t 1s possible to improve the uniformity
in the film removal amount by the ashing within the surface
of the water W.

(5) The water W may be moved relatively to the light
source 42. That 1s, the ashing unit U2 may be configured
such that at least one of the water W or the light source 42
1s moved. For example, as illustrated 1n FIG. 19, the wafer
W may be slid 1n one direction with respect to the light
source 42.

(6) Through researches by the present inventors, the
present inventors found out the following. While the light
source 42 1s turned on, the light source 42 generates heat.
Accordingly, 11 a preset time period elapses after the light
source 42 1s turned ofl, a temperature of the light source 42
1s decreased, so that the temperature of the light source 42
may be different before and after the processing. It 1s found
out that such a temperature vanation of the light source 42
results 1n a variation of the removing rate as well. This 1s
deemed to be because light transmittance of the window 43
1s changed as a temperature of the window 43 1s varied by
the temperature vanation of the light source 42.

In view of this, 11 a time period during which the light
source 42 1s turned ofl 1s equal to or longer than a prede-
termined time length, the processing light from the light
source 42 may not be 1mrradiated to the water W when the
light source 42 1s turned on, but the processing light from the
light source 42 may be 1rradiated to the water W aiter the
temperature of the light source 42 1s stabilized (dummy
irradiation processing). For example, the light source 42
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may be turned on such that the processing light 1s not
irradiated to the water W, and, later on, the processing light
may be 1rradiated to the water W. To be more specific, as
depicted 1n FIG. 20A, a light shielding member 44 may be
disposed between the window 43 and the rotating/holding
unit 30 (water W), and the light source 42 1s turned on 1n this
state. As a result, the processing light from the light source
42 1s shielded by the light shielding member 44 and hardly
reaches the wafer W. Thereatter, as shown in FIG. 20B, with
the light source 42 turned on, the light shielding member 44
1s moved not to be located 1n the space between the window
43 and the rotating/holding unit 30 (wafer W).

With this configuration, the processing light from the light
source 42 1s 1rradiated to the water W after the temperatures
of the light source 42 and the window 43 are stabilized.
Therefore, the vanation in the removing rate which may be
caused by the temperature variation of the light source 42
can be suppressed. Hence, it 1s possible to further improve
the uniformity in the film removal amount by the aching
within the surface of the wafer W.

Another method may be adopted to 1rradiate the process-
ing light from the light source 42 to the water W after the
temperature of the light source 42 1s stabilized. By way of
example, the light source 42 may be turned on when the
waler W does not exist within the housing 20, and the water
W may be carried into the housing 20 after the temperature
of the light source 42 1s stabilized. In case that a standby
time (interval time) before a next wafer W 1s carried mto the
ashing unit U2 after the waler W after being subjected to the
ashing processing 1s carried out of the ashing unit U2 is
predetermined (for example, this standby time 1s previously
set 1n the controller 100), the light source 42 may be turned
on before this standby time elapses. 11 the temperature of the
light source 42 1s stabilized by turning the light source 42 on
betore the standby time passes by, the light source 42 may
be turned ofl before 1irradiating the processing light from the
light source 42 to the water W and then turned on again
when 1rradiating the processing light to the water W. In this
case, 1t 1s possible to achieve both the improvement of the
uniformity 1n the film removal amount by the ashing within
the surface of the water W and the reduction of the power
consumption of the light source 42. The temperature of the
light source 42 or the window 43 1s measured, and when this
temperature 1s equal to or less than a preset value, the
above-described dummy irradiation processing may be per-
formed.

(7) In case that the oxygen-containing gas continuously
flows around the waler W 1n the ashing processing, the
smaller the gap 1s, the more diflicult 1t 1s for a flow of the
oxygen-containing gas to be formed in the gap, so that the
removing rate tends to be decreased. Meanwhile, the larger
the gap 1s, the easier 1t 1s for the flow to be formed 1n the gap,
so that the removing rate tends to be increased. Further, 1n
the ashing processing, if the flow of the oxygen-containing,
gas 1s not formed around the water W, the larger the gap 1s,
the more difhicult 1t 1s for the processing light from the light
source 42 to reach the water W, so that the removing rate
tends to be decreased. Meanwhile, the smaller the gap 1s, the
casier 1t 1s for the processing light from the light source 42
to reach the substrate, so that the removing rate tends to be
increased.

Thus, the elevation control unit 102 may control the
distance changing unit 60 such that the gap is of a first size
at the mitial ashing processing and becomes to have a second
size different from the first size 1n the subsequent ashing
processing. That 1s, 11 the oxygen-containing gas continu-
ously flows around the substrate 1n the ashing processing,
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the first size may be set to be smaller than the second size.
In this case, 1t 1s dithicult for the oxygen-containing gas to be
supplied to the water W at the mmitial ashing processing.
Meanwhile, 11 the flow of the oxygen-containing gas 1s not
formed around the substrate in the ashing processing, the
first s1ze may be set to be larger than the second size. In this
case, 1t 1s diflicult for the processing light from the light
source 42 to reach the wafer W at the imitial ashing pro-
cessing. Thus, 1n any of these two cases, the removing rate
may become uniform at the initial ashing processing where
the removing rate tends to be larger and 1n the subsequent
ashing processing. Consequently, the uniformity in the film
removal amount by the ashing within the surface of the
waler W can be further improved.

(8) In the above-described exemplary embodiment, the
waler W 1s rotated by 120°. However, the rotation angle of
the wafer W per a single time may be set to be 360°/N (N
denotes a natural number ranging from 2 to 180 and a divisor
of 360).

(9) In the above-described exemplary embodiment, the
watfer W 1s rotated 1n the same direction. However, the wafer
W may be rotated in the backward direction after being
rotated in the forward direction.

EXPERIMENTAL EXAMPLES

Experimental examples 1 to 3 and a comparative example
are conducted to investigate whether the uniformity in the
film removal amount by the ashing within the surface of the
waler 1s improved when ashing the protective film 1n the
ashing unit U2 according to the exemplary embodiment.

Experimental Example 1

A disk-shaped water W having the protective film formed
on the front surface Wa thereof 1s prepared, and the water W
1s subjected to the ashing processing in the ashing unit U2.
In the ashing processing, the rotation of the water W and the
turning-on/oil of the light source 42 are controlled as shown
in FIG. 21A and FIG. 21B. To elaborate, as depicted 1n FIG.
21A, a processing of rotating the water W by 40° for 10 sec
and temporarily stopping the rotation of the water W for 3
sec 1s repeated until the waler W 1s rotated one round.
Meanwhile, as depicted 1n FI1G. 21B, the turning-on and the
turning-oil of the light source 42 are repeated according to
this intermittent operation of the water W. Accordingly, the
processing light from the light source 42 1s irradiated to the
waler W for a total time length of 90 sec. Further, in the
ashing processing, the heat plate 33 1s controlled such that
temperatures of all the heating regions 33a and 335 are
substantially same.

Experimental Example 2

A disk-shaped wafer W having the protective film formed
on the front surface Wa thereof 1s prepared, and the water W
1s subjected to the ashing processing in the ashing unit U2.
In the ashing processing, the rotation of the water W and the
turning-on/ofl of the light source 42 are controlled as shown
in FIG. 22A and FIG. 22B. To elaborate, as depicted 1n FIG.
22A, a processing of rotating the water W by 120° for 10 sec
and temporarily stopping the rotation of the water W for 3
sec 1s repeated until the water W 1s rotated three rounds.
Meanwhile, as depicted 1n FI1G. 22B, the turning-on and the
turning-oil of the light source 42 are repeated according to
this intermittent operation of the water W. Accordingly, the
processing light from the light source 42 1s irradiated to the
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waler W for a total time length of 90 sec. Further, in the
ashing processing, the heat plate 33 1s controlled such that
temperatures of all the heating regions 33aq and 3356 are
substantially same

Experimental Example 3

A disk-shaped water W having the protective film formed
on the front surface Wa thereof 1s prepared, and the water W
1s subjected to the ashing processing in the ashing unit U2.
In the ashing processing, the rotation of the water W and the
turning-on/oil of the light source 42 are controlled as shown
in FIG. 23A and FIG. 23B. To elaborate, as depicted in FIG.
23 A, a processing of rotating the water W one round for 10
sec and temporarily stopping the rotation of the wafer W for

3 sec 1s repeated until the waler W 1s rotated mine rounds.
ile, as depicted 1n FI1G. 23B, the turning-on and the

Meanwhi
turning-oil of the light source 42 are repeated according to
this intermittent operation of the water W. Accordingly, the
processing light from the light source 42 1s irradiated to the
waler W for a total time length of 90 sec. Further, in the
ashing processing, the heat plate 33 1s controlled such that
temperatures of all the heating regions 33a and 3356 are
substantially same

Comparative Example

A disk-shaped water W having the protective film formed
on the front surface Wa thereof 1s prepared, and the water W
1s subjected to the ashing processing in the ashing unit U2.
In the ashing processing, the rotation of the water W and the
turning-on/ofl of the light source 42 are controlled as shown
in FIG. 24A and FIG. 24B. To elaborate, as depicted 1n FIG.
24 A, the water W 1s rotated one round for 90 sec. Mean-
while, as depicted in FIG. 24B, the turning-on and the
turning-oil of the light source 42 are repeated according to
this intermittent operation of the water W. Accordingly, the
processing light from the light source 42 1s irradiated to the
waler W for a total time length of 90 sec. Further, in the
ashing processing, the heat plate 33 1s controlled such that
temperatures of all the heating regions 33a and 335 are
substantially same

(Results)

To 1nvestigate the uniformity of the film removal amount
by the ashing within the surface of the water, Range (%) 1s
calculated for each of the experimental examples 1 to 3 and
the comparative example. Here, the Range (%) 1s a value
obtained by dividing a diflerence between a maximum value
and a minimum value of the removing rate by the removing
rate. The Range (%) of the experimental example 1 1s 7.1.
The Range (%) of the experimental example 2 1s 6.3. The
Range (%) of the experimental example 3 1s 5.1. The Range
(%) of the comparative example 1s 8.1. The Range (%) 1n
cach of the experimental examples 1 to 3 1s smaller than that
of the comparative example. As can be seen from this,
according to the experimental examples 1 to 3, as compared
to the comparative example, it 1s found out that the unifor-
mity 1n the film removal amount by the aching within the
surface of the water 1s improved.

Meanwhile, a distribution of the film removal amount
within the surface of the waler 1s measured for each of the
experimental examples 1 to 3 and the comparative example.
The distribution of the film removal amount within the
surface of the water W 1n the experimental example 1 1s
shown 1n FIG. 25A. The distribution of the film removal
amount within the surface of the wafler mn experimental
example 2 1s shown 1n FIG. 25B. The distribution of the film
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removal amount within the surface of the wafer i the
experimental example 3 1s shown 1in FIG. 26A. The distri-
bution of the film removal amount within the surface of the
waler 1n the comparative example 1s shown 1n FIG. 26B. In
FIG. 25A to FIG. 26B, a bright portion indicates a small film

removal amount, whereas a dark portion indicates a large
film removal amount. Based on FIG. 25A to FIG. 26B, the
uniformity in the film removal amount at a peripheral
portion of each waler W 1n a circumierence direction 1s
investigated. As a result, the experimental example 3 shows
the highest uniformity; the experiment example 2, the sec-
ond highest umiformity; the experimental example 1, the
third highest uniformity; and the comparative example, the
lowest uniformity. Thus, 1t 1s found out that the uniformaity
in the film removal amount at the periphery portion of the
waler W 1n the circumferential direction 1s improved accord-
ing to the experimental examples 1 to 3, as compared to the
comparative example.

From the foregoing, 1t will be appreciated that various
embodiments of the present disclosure have been described
herein for purposes of illustration, and that various modifi-
cations may be made without departing from the scope and
spirit of the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limat-
ing. The scope of the mventive concept 1s defined by the
following claims and their equivalents rather than by the
detailed description of the exemplary embodiments. It shall
be understood that all modifications and embodiments con-
ceived from the meaning and scope of the claims and their
equivalents are included in the scope of the inventive
concept.

We claim:

1. An ashing method, comprising:

a first process of irradiating, to a surface of a substrate
having an organic film formed on the surface thereof,
processing light for ashing the organic film from a light
irradiating unit while changing a posture of the sub-
strate with respect to the light irradiating unit from a
first posture to a second posture; and

a second process of 1rradiating, after the first process, the
processing light to the surface of the substrate from the
light 1rradiating unit while changing the posture of the
substrate with respect to the light irradiating unit from
a third posture different from the first posture to a fourth
posture.

2. The ashing method of claim 1,

wherein the substrate 1s rotated with respect to the light
irradiating unit.

3. The ashing method of claim 2,

wherein a rotation number of the substrate in the first
process 1s set to be 1n a range from 1 rpm to 100 rpm.

4. The ashing method of claim 1,

wherein a gap between the substrate and the light irradi-
ating unit in the second process 1s set to be different
from the gap between the substrate and the light
irradiating unit 1n the first process.

5. The ashing method of claim 1, further comprising:

a third process of turning -on, when a preset time elapses
after the processmg light from the light 1rradiating unit
1s turned ofl or when a temperature of the light 1rradi-
ating unit after the processing light from the light
irradiating unit 1s turned ofl 1s equal to or less than a
preset value, the light irradiating unit such that the
processing light 1s not 1rradiated to the surface of the
substrate, and then, irradiating the processing light to
the surface of the substrate.
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6. The ashing method of claim 5,

wherein the temperature of the light 1rradiating unit 1s a
temperature ol a member which receives light directly
from a light source provided in the light 1irradiating unat.

7. A computer-readable recording medium having stored 5

thereon computer-executable instructions that, in response
to execution, cause an ashing apparatus to perform an ashing,
method as claimed 1n claim 1.

8. An ashing method, comprising:

a lirst process as an initial process of irradiating, to a 10
surface of a substrate having an organic film formed on
the surface thereof, processing light for ashing the
organic {ilm from a light irradiating unit while moving
the substrate with respect to the light irradiating unit at
a first speed; and 15

a second process as a subsequent process of irradiating,
aiter the first process, the processing light to the surface
of the substrate from the light irradiating unit while
moving the substrate with respect to the light irradiat-
ing unit at a second speed lower than the first speed. 20

9. The ashing method of claim 8,

wherein the second process comprises:

irradiating the processing light to the surface of the
substrate from the light 1rradiating unit while changing
a posture of the substrate with respect to the light 25
irradiating unit from a first posture to a second posture
at the second speed; and

irradiating the processing light to the surface of the
substrate from the light irradiating unit while changing
the posture of the substrate with respect to the light 30
irradiating unit from a third posture different from the
first posture to a fourth posture at the second speed.

G e x Gx ex
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In the Specification

Column 2, Line 52, “ached” should be -- ashed --.
Column 3, Line 22, “ached” should be -- ashed --.
Column 8, Line 1, “aching” should be -- ashing --.
Column 9, Line 24, “aching” should be -- ashing --.
Column 9, Line 38, “ached” should be -- ashed --.
Column 9, Line 40, “aching” should be -- ashing --.
Column 11, Line 12, *“aching” should be -- ashing --.

Column 12, Line 22, “[Aching Processing]” should be -- [Ashing Processing] --.

Column 14, Line 9, “ached” should be -- ashed --.

Column 13, Line 30, “ached” should be -- ashed --.

Column 17, Line 19, “aching” should be -- ashing --.

Column 19, Line 58, “aching” should be -- ashing --.
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